The rate of cycloheximide-resistant incorporation of carbon from ['4C]alanine and ['4C]acetate into polysaccharidic material was used to study gluconeogenic activity in wild-type Neurospora crassa and in the adenylate cyclase-deficient cr-i (crisp-i) mutant. The wild-type efficiently utilized alanine and acetate as gluconeogenic substrates, whereas the mutant used acetate efficiently but was unable to use alanine. Cycloheximide-resistant '4C-incorporating activity was sensitive to carbon catabolite effects (repression and inactivation) in the two strains, which suggested that cyclic AMP metabolism was not involved in these regulatory responses. In the wild type, gluconeogenesis was induced by incubation of the cells in the absence of a carbon source. In contrast, cr-i required supplementation with acetate. This finding suggested that induction of gluconeogenesis in N. crassa could be mediated by metabolites formed in carbon-starved cells. The cr-i mutant seemed to be deficient in this process and to depend on an exogenous effector to induce gluconeogenesis. Incubatiofr of cr-i with cyclic AMP partially overcame the acetate requirement for induction of gluconeogenesis.
The rate of cycloheximide-resistant incorporation of carbon from ['4C]alanine and ['4C]acetate into polysaccharidic material was used to study gluconeogenic activity in wild-type Neurospora crassa and in the adenylate cyclase-deficient cr-i (crisp-i) mutant. The wild-type efficiently utilized alanine and acetate as gluconeogenic substrates, whereas the mutant used acetate efficiently but was unable to use alanine. Cycloheximide-resistant '4C-incorporating activity was sensitive to carbon catabolite effects (repression and inactivation) in the two strains, which suggested that cyclic AMP metabolism was not involved in these regulatory responses. In the wild type, gluconeogenesis was induced by incubation of the cells in the absence of a carbon source. In contrast, cr-i required supplementation with acetate. This finding suggested that induction of gluconeogenesis in N. crassa could be mediated by metabolites formed in carbon-starved cells. The cr-i mutant seemed to be deficient in this process and to depend on an exogenous effector to induce gluconeogenesis. Incubatiofr of cr-i with cyclic AMP partially overcame the acetate requirement for induction of gluconeogenesis.
Previous work from this laboratory (19) demonstrated that cycloheximide increases severalfold the level of glycogen accumulated in Mucor rouxii mycelia incubated in medium supplemented with gluconeogenic carbon sources. In view of this fact, the authors suggested that the rate of incorporation of radiolabeled gluconeogenic substrates into polysaccharides of cycloheximide-treated cells could be used to measure gluconeogenic activity in intact cells. This possibility was confirmed by using [14C]glutamic acid incorporation as a tracer for gluconeogenic activity (15) . In the presence of cycloheximide, amino acid carbon is preferentially utilized for carbohydrate synthesis and incorporated into cell wall material and glycogen. In M. rouxii, this metabolic activity is sensitive to carbon catabolite repression and requires a substrate (i.e., amino acids) for induction.
The same approach was used to study gluconeogenic activity in the wild type and the adenylate cyclase-deficient cr-i (crisp) mutant (17) of Neurospora crassa, because it is well known that cyclic AMP is an important modulator of carbon-related metabolic pathways in yeasts and other fungi (6, 12, 13, 20) . Nevertheless, the mode of action of cyclic AMP in N. crassa is not fully understood. The results obtained demonstrated differences between the two strains and suggested the participation of endogenously generated metabolites and a possible role of cyclic AMP in the control of gluconeogenesis in N. crassa.
(This paper is part of a thesis submitted by M.J.N. to the Department of Physiology of the School of Medicine of Ribeirao Preto in partial fulfillment of the requirements for the M.S. degree.)
Wild-type (FGSC 424) and crisp-i (FGSC 488, cr-i, allele B123) strains were a gift from the Fungal Genetics Stock Center (Kansas City, Kans.). Cultures were prepared by using solid or liquid Vogel minimal medium (H.J. Vogel, Microb. Genet. Bull. 13:42-43, 1956 ) supplemented with 2% sucrose. The cr-i mutant was periodically reisolated from spontaneously occurring modifiers (7, 18) by plating a conid-* Corresponding author.
ial suspension on solid Vogel medium supplemented with 1.5% sorbose and 0.1% glucose. Liquid cultures were inoculated with 3.107 conidia per ml and incubated at 30°C with agitation (120 strokes per min) for various time intervals. When the experimental protocol demanded replacement of the culture medium, the germlings were harvested by filtration, rinsed with sterile water, and suspended in an equal volume of appropriately supplemented fresh Vogel medium.
For "4C incorporation measurements, a 15-ml culture sample was filtered and suspended in an equal volume of Vogel medium without a carbon source and containing 100 ,ug of cycloheximide per ml. After 5 min, a solution containing the radioactive substrate (5.0 mM, 0.025 mCi/mmol) was added, and the culture was maintained at 30°C with agitation. Samples of 1 ml were withdrawn at 10-min intervals during the next hour and precipitated in cold 10% trichloroacetic acid (TCA). The samples were collected in glass fiber filters (GF/C; Whatman, Inc., Clifton, N.J.), washed with cold 5% TCA, extracted with 10 ml of acetone followed by 10 ml of ethyl ether, dried, and counted in toluene-based scintillation fluid. We next examined the distribution of label incorporated from ["'C]alanine into different cell fractions. A portion (routinely 5 ml) of cells labeled for 1 h was precipitated in cold 10% TCA. After centrifugation, the cell precipitate was extracted once by agitation with 10 ml of acetone and twice with 10 ml of ether. The cell residue was then suspended in 4 ml of 1.0 N NaOH and heated in a boiling water bath for 10 min. The suspension was neutralized with 5.0 N HCl and centrifuged. The supernatant (fraction 1) was saved, and the cell residue was processed as described by Becker (1) for enzymatic hydrolysis of glycogen. After this treatment, the cell suspension was centrifuged and the supernatant (fraction 2) was saved. The sediment (final residue) was collected in a glass fiber filter, rinsed, and dried. The solvent extracts were pooled, evaporated in a water bath, redissolved in a toluene-based scintillation mixture, and counted. Radioactivity was also counted in the other fractions. The results were expressed as nanomoles of substrate incorporated per minute per milligram of protein.
Radioactivity incorporated into the glycogen fraction (fraction 2) increased 50-fold during incubation with amino acids ( Fig. 2A) and after 1 h accounted for 68% of total incorporation. On the other hand, "'C incorporation into the hot alkali-soluble fraction (fraction 1) and cell residue (fraction 3) of the same cells increased only five-to sixfold. A relatively large amount of radioactivity (17 to 20%) was extracted with organic solvents, which indicated that some of the amino acid carbons were incorporated into lipids. When induced cells were exposed to glucose (Fig. 2B) , "'C incorporation decreased sharply in the glycogen fraction and almost disappeared after 90 min. On the other hand, incorporation of radioactivity in fraction I declined only threefold, whereas that in the cell residue remained almost unaffected. In contrast, the amount of radioactivity incorporated into lipids increased 100% and was close to 60% of total incorporation by the end of the experimental period. It is noteworthy that carbon catabolite repression affected the synthesis of glycogen more than that of the other polysaccha- (Fig. 3A) . The same result was obtained with the cr-i mutant (Fig. 3B) (Fig. 3) wild-type and of cr-i cells were essentially the same (Fig. 3) . The procedure used in this study did not permit us to pinpoint the step sensitive to glucose effects; nevertheless, it seemed clear that the cyclic AMP deficiency of cr-I did not interfere with such a response. In yeasts, cyclic AMP metabolism and protein phosphorylation participate in the glucose-induced inactivation of gluconeogenic enzymes (9, 14, 21) . In N. crassa, it seemed that other processes not directly related to cyclic AMP metabolism influenced the glucose-induced inactivation of the gluconeogenic pathway.
The lower than that of glucose-repressed cells but were strongly induced in acetate-supplemented medium. These results suggested that gluconeogenesis from acetate might actually require induction in N. crassa and that the inducer could be an endogenous metabolite produced in carbon-starved cells. Therefore, the cr-i mutant could be defective in production of the inducer, requiring acetate supplementation to develop gluconeogenic activity. It has been demonstrated that cr-i responds to exogenous cyclic AMP by changing its phenotype to one more closely resembling that of the wild type (16) (17) (18) . Therefore, we examined the effects of the nucleotide on the gluconeogenic ability of the mutant. Before the incorporation assay, cr-i cells were exposed to cyclic AMP during the period of germination in glucose, during the induction period, or during both periods. The combined results of four independent experiments are presented in Fig. 4 . Exposure to cyclic AMP during germination in glucose appeared to enhance repression by reducing the basal level of [14C]acetate-incorporating activity (P < 5%). On the other hand, cyclic AMP had no effect on the level of radioactivity incorporated by acetate-induced cells. However, for cells incubated in the absence of a carbon source, a small but significant (P < 1%) the absence of a carbon source). Other nucleotides (AMP, ADP, and GMP) at a concentration of 5.0 mM were totally ineffective in enhancing gluconeogenic activity of cr-i cells incubated without acetate. Therefore, as shown in other studies (12, (16) (17) (18) , the effect of cyclic AMP on the cr-i phenotype was specific.
It is possible that in N. crassa, endogenous metabolites such as anaplerotic intermediates of the TCA cycle participate as coinducers or corepressors of gluconeogenesis. This possibility was also raised by other authors (2, 4, 5) with regard to the control of key enzymes of glyoxylate bypass in N. crassa and more recently by Wills et al. (22) for Saccharomyces cerevisiae. The phenomena observed in the cr-i strain seem to indicate the participation of cyclic AMP in the control of intermediate metabolism. We hope that further work will clarify this point.
